Background Two previous studies recently raised the possibility of a high risk of early femoral components loosening with high-flexion (HF) prostheses in Asian populations and suggested that the high failure rate of HF TKAs was associated with HF ability. However, these findings are controversial given other studies reporting a low incidence of aseptic failures in HF prostheses.
Introduction
Although TKA has been a predictable solution for advanced osteoarthritis to achieve painless walking, the limited range of flexion that is present after conventional TKA is disadvantageous to an Asian population. Unlike in the Western world, limited flexion less than 130°reportedly impairs patient satisfaction in Asian populations [21, 22] because it precludes performance of common activities of daily living such as squatting, sitting crosslegged, or kneeling [32, 38] . High-flexion (HF) knee prostheses were designed to accommodate flexion up to 155°through modification of posterior condylar geometry and cam design. If postoperative deep flexion can be achieved after HF TKA in Asian patients, these implants may be advantageous to these populations who perform daily HF activities, because they might be associated with less polyethylene wear and subsequent osteolysis by providing more contact area in the deep flexion angle [9, 42, 45] .
Despite the expectations of achieving deep flexion, two clinical studies of HF TKA on a Korean population have reported rates of progressive radiolucent lines (RLLs) in the cement-metal interface of the femoral component of 14% at 6 to 76 months [7] and 38% at 30 to 48 months [17] . Both studies suggested this substantial early aseptic loosening was associated with postoperative deep flexion ability. Early aseptic loosening of the femoral component reportedly occurs in 0% to 0.9% of patients at 2 to 10 years [4, 10, 27, 29, 44, 48] in conventional TKA, and concerns have therefore been raised about the high incidence of early aseptic loosening in HF designs [7, 17] . However, a number of clinical studies reporting 25 to 259 knees [3, 8, 20, [24] [25] [26] have suggested conflicting findings with only a few instances of prosthesis-related failures after HF TKA at mean followups of 12 to 51 months even in the same ethnic group [5, 20, [24] [25] [26] 41] . The risk of early aseptic loosening after HF TKA in large cohort studies is unclear.
We therefore determined (1) the rate of achieving postoperative HF more than 135°; (2) whether the aseptic failure rate is high after HF TKA; and (3) whether the survivorship deteriorated in Korean patients who achieved postoperative deep knee flexion more than 135°after HF TKA.
Patients and Methods
From May 2003 to January 2010, we performed a total of 854 primary TKAs in 610 patients (47 men and 563 women) with a mean age of 68 years (range, 47-84 years). There were 366 unilateral and 244 bilateral procedures performed 1 to 2 weeks apart. The indications for TKA were disabling knee pain on walking despite nonoperative treatment and advanced arthritic change with complete joint space loss on standing radiographs. Osteonecrosis with subchondral collapse of a femoral condyle was also indicated. The contraindications were active infection, poor skin condition, collateral ligamentous insufficiency, which needs a more constrained prosthesis, neurologic deficit making the patient unable to walk, insufficient extensor mechanism, and poor general condition for the operation. During the study period, we used no other design of TKA until May 2007 and, thereafter, we performed TKAs with the HF design in 239 and other designs in 243 without any specific selection. From the 610 patients, we excluded four with a history of surgery on the affected side, including high tibial osteotomy and internal fixation for fracture, or of knee infections from the study; we also excluded two patients (three knees) who died before the 2-year followup and 107 patients (149 knees) who were not followed for at least 2 years after surgery from the analysis of function and radiographic assessments, but all 610 were included in the survival analysis and reporting of complications. Consequently, 488 patients (698 knees [82%]) remained for functional and radiographic evaluations. There were 40 males and 448 females with a mean age of 68 years (range, 47-85 years) at the time of operations. The mean body mass index was 27 kg/m 2 (range, 16-46 kg/m 2 ). The preoperative diagnoses were 677 osteoarthritis (97%), 11 rheumatoid arthritis (1.6%), and 10 osteonecrosis of medial femoral condyles (1.4%). For patients followed for function, the minimum followup was 2 years (average, 4.7 years; range, 2-8.7 years). Twenty-seven patients (34 knees) died after 2-year followup. One hundred two patients (152 knees) who did not attend the clinic more than 2 years after the latest visit were considered as lost to followup and for these patients, the data at the latest visit were used for the functional and radiographic assessment. No patients were recalled specifically for this study; all data were obtained from medical records and radiographs. The study was approved by our institutional review board.
Preoperative full-length AP films showing hips, knees, and ankles were obtained and used to determine the mechanical axis, the femoral guide axis angle, the angle of the femoral and tibial cuts, the amount of femoral and tibial bone cut, and the desired position of the entry hole for the intramedullary guide. This position would make a perpendicular cut to the mechanical axis without causing impaction of the guide rod against the intramedullary cortex.
All surgeries were performed by the senior author (SIB) using the NexGen 1 LPS-Flex system (Zimmer, Inc, Warsaw, IN, USA). We made an anterior midline skin incision with a medial parapatellar incision. Distal femoral bone was first resected using an intramedullary guide, and AP cutting was performed using an anterior referencing system. The femoral component was placed in 3°or 5°of external rotation relative to the posterior condylar axis, which was confirmed by Whiteside's line. We resected the posterior cruciate ligament in all cases. Tibial preparation was then undertaken using an intramedullary tibial guide with a cutting block with 7°of posterior slope as recommended by the manufacturer. We resected 10 mm of tibial bone to obtain a surface that was perpendicular to the shaft of the tibia in the coronal plane. Stability and alignment were assessed using the trial components and ligament balancing was performed. We performed thorough pulsatile lavage to clear the bone cut surface and remove remaining blood clot and debris before cementing. All implants were cemented with Osteobond (Zimmer, Inc) after drying of the cut surface and pressurization of the cement. The tibial component was fully cemented in a doughy state. For femoral fixation, we placed cement on the femoral cut surface for the anterior flange and on the inner aspect of the component before impaction to the femur. Patellar resurfacing was not performed in all knees, except for two that had rheumatoid arthritis.
Immediately after surgery, we instructed patients to perform quadriceps-strengthening exercises and straight leg-raising exercises. On the second postoperative day, the drain was removed and the patients began weightbearing as tolerated with a walker under supervision of a clinical nurse specialist (YHK). Additionally, a continuous passive motion machine was used for passive movement exercises two times a day for 30 minutes each. Patients received no other physiotherapy by a physical therapist. Patients were discharged 10 to 12 days after surgery. Although sitting crosslegged on the floor was allowed, weightbearing deep flexion activities such as squatting and kneeling were discouraged for 1 year. Although weightbearing flexion was allowed as tolerated after that, we did not recommend doing often such activity that may produce excessive load on the prosthesis.
All patients were followed 1 month after discharge (6 weeks postoperatively) with weightbearing AP, lateral, and skyline patellar radiographs and clinical examinations were done to assess joint swelling, extensor strength, and ROM. Passive motion exercise was encouraged until 6 months followup. At the 1-year postoperative visit, a clinical nurse specialist (YHK) obtained the Hospital for Special Surgery (HSS) knee score [19] and one orthopaedic surgeon (SIB) recorded passive ROM measured to the nearest 5°with a goniometer. Maximum flexion was taken as the angle at which the patient felt slight pain on knee bending. The HSS score and ROM were assessed at every 1-or 2-year postoperative visit with radiographic images, which were taken with the following views: weightbearing AP, lateral, and skyline patellar views. Major complications were recorded that affected the longevity of the prosthesis or may need additional surgical intervention [11] such as deep infection, loosening, osteolysis, instability, wear, patellofemoral problems, and periprosthetic fractures.
Two of us (BSL, JWC) assessed RLLs on standing AP and lateral views based on initial postoperative films according to the Knee Society roentgenographic evaluation system [13] . Signs of component loosening were a RLL more than 2 mm wide that extended under the entire prosthesis and progressive widening of the cement-bone or cement-prosthesis interface when a radiolucent gap exceeded 2 mm wide [15] . Tibial component tilting with subsidence was also considered loosening. Nonprogressive RLLs less than 2 mm that did not progress were not considered loosening. The kappa interobserver reproducibility for radiographic evaluation was 0.72, which indicated fair agreement [2] . The radiolucency and loosening of the component were decided by consensus through discussions by two observers.
Data are presented as mean ± SD. Student's paired t-tests were used to determine the difference between preoperative and postoperative values of all continuous outcome variables (HSS score, flexion contracture, maximum flexion, and ROM). To analyze the effects of the maximum postoperative flexion and the rate of achieving high flexion more than 135°, we grouped patients according to the maximum preoperative flexion (B 110°; 105°-115°; 120°-130°; C 135°), because this is known as a most predictable factor for postoperative flexion [28, 37] and flexion gain may be different according to preoperative flexion [3, 16, 30] . To determine the knee survival for aseptic loosening, we used the life-table method for all patients [12] . The end point event was a progressive RLL[ 2 mm or tibial component migration with subsidence, which was considered as aseptic loosening. Patients who died or were lost to followup were considered to have withdrawn at their latest followup visit. Patients who sustained periprosthetic or patella fracture or infections were also considered to have withdrawn at their latest followup visit. Additionally, with the assumption that the lost patients would have aseptic failures, we performed a survival analysis as a worst-case scenario. We assessed whether the survivorship deteriorated in patients who achieved postoperative HF. This secondary survival analysis was done for patients followed a minimum of 2 years whose maximum flexion was analyzed. A Wilcoxon Gehan's test was used to compare the overall survival rate between knees that achieved HF (maximum flexion C 135°) and those did not at the last followup. We performed statistical analysis using SPSS software (SPSS for Windows release 16.0; SPSS, Chicago, IL, USA).
Results
Three hundred sixty knees (52%) could achieve HF ability of 135°or more. All passive knee motions improved from preoperative to last followup: flexion contracture from a mean of 9.3°to 0.9°(p \ 0.001), mean maximum flexion from 130.3°to 133.1°(p \ 0.001), and mean ROM from 120.9°to 132.2°(p \ 0.001). The knees with preoperative flexion \ 135°gained flexion (p \ 0.001) postoperatively. Knees with maximum preoperative flexion C 135°showed a decrement (p\0.001) in mean flexion angle from 143.2°p reoperatively to 135.6°at last followup despite the rate of achieving high flexion (62%) was the most among the subgroups ( Table 1 ). The HSS score improved (p = 0.013) from a mean of 60 preoperatively to 93 at last followup.
The aseptic failure was low. Early aseptic loosening occurred in six knees in five patients (three femoral and three tibial). In three knees (0.4%) from two patients, progressive RLLs more than 2 mm on the lateral radiographs were observed underneath the anterior flange of femoral components (Fig. 1 ) at a mean of 23 months (range, 19-29 months). However, these two patients with femoral loosening chose not to undergo revision surgery despite our recommendation. Three patients had tibial subsidence with varus collapse without femoral component loosening (found at a mean of 48 months; range, 24-66 months), all of whom underwent revision of the tibial component. All of these six knees with aseptic loosening were considered aseptic failures regardless of revision for survivorship analysis.
There was no deterioration in the survivorship of patients who achieved deep flexion compared with those who did not. Among six aseptic failures, three knees (one femoral, two tibial) had maximum flexion \ 135°and the other three knees (two femoral, one tibial) had maximum flexion C 135°at last followup. The overall survival for aseptic failure did not differ (p = 0.924) between the two groups ( Table 2) . Across all 610 patients (854 knees), the survivorship for aseptic loosening at 5 years was 99.1% (95% CI, 98.3-99.9) (Fig. 2) . In the worst-case scenario, the cumulative survival at 5 years was 76.8% (95% CI, 73.7-79.8). Nonprogressive femoral RLLs less than 2 mm were observed in 12 knees; there were 10 knees (1.3%) showing femoral RLLs (eight knees in Zone 1, one in Zone 4, one in Zones 1 and 4) on the lateral radiographs. These were first identified at a mean of 19 months postoperatively (range, 5-67 months). There were two knees from a single bilateral case that had tibial RLLs less than 2 mm in Zone 1 at 35 months. None progressed thereafter and these patients did not present with any disabling pain or knee instability.
There were 19 major complications in 19 knees. Thirteen patients had late infections diagnosed between 11 and 76 months postoperatively: six underwent two-stage revision for deep infection; three could not undergo surgical intervention as a result of medical problems; and four were managed in another hospital. Periprosthetic supracondylar fracture of the femur occurred in three cases and was treated successfully with open reduction and internal fixation. Three patella fractures occurred: one was managed conservatively and two required internal fixation. No revision surgery was performed for instability, polyethylene wear, or patellofemoral problems.
Discussion
Although HF prostheses were designed for safe deep flexion, two studies from Korea reported a high incidence of premature radiographic femoral component failure of 38% and 13.8% after HF TKA [7, 17] . They suggested that these implants allowed HF activity such as squatting or kneeling [18, 25, 26, 39, 40, 43, 50] . We therefore determined (1) how many patients could achieve HF ability postoperatively; (2) whether the rate of aseptic loosening was high after HF TKA; and (3) whether the survivorship was inferior in patients who achieved postoperative deep knee flexion more than 135°in our cohort of a Korean population.
Our study had several limitations. First, because we did not compare the outcomes from HF and conventional prostheses, we cannot determine if the observed outcomes are superior to those that would be achieved with conventional prostheses. Second, the uniform use of one HF fixed-bearing prosthesis by a single surgeon suggests our findings might not be generalizable to low-volume surgeons or those using other HF prostheses such as cruciateretaining or mobile-bearing designs. Third, although the high proportion of females in our cohort is typical of Korean patients undergoing TKA [5, 20, 25, 26, 41] , this also reduces the extent to which our results can be generalized. Fourth, the followup period of 4.7 years (range, 2-8 years) will not likely reflect the ultimate incidence of prosthesis-related loosening because it will almost certainly increase during further followup of our cohort, although 63% of early aseptic loosening requiring revision occurred within 2 years of followup in another study [36] . Finally, the postoperative radiographs used in our study were not fluoroscopically controlled to assess RLLs and, as such, there may have been unrecognized RLLs. At the last followup, we observed half of all cases could achieve maximum flexion of at least 135°. Patients with high preoperative flexion ([ 135°) had more chances of achieving HF showing the highest rate (62%) than those who did not. However, they experienced a decrease in the mean maximum flexion they could achieve. This is similar to previous reports that Western patients with more than 120°of preoperative flexion experienced a decrease in flexion range [30, 46] . There is a tendency for better postoperative flexion after TKA performed in Asian countries [5, 7, 8, 17, 18, 20, 24-26, 34, 40, 41, 43, 45, 50] than after TKA performed in Western countries [1, 35, 39, 47, 49] (Table 3 ). The higher threshold in the present study (135°versus 120°) may be understood in the same context of higher postoperative flexion in an Asian population. We observed a mean HSS score of 91 and a mean knee flexion of 133°. However, it cannot be determined by the present study and it remains unclear whether HF designs improve clinical ROM and function more than conventional implants [14, 31, 33] .
We also observed a low incidence of early aseptic loosening (six of 698 [0.9%]) that is comparable to conventional implants [4, 10, 29, 44, 48] . The results of this study support several others reporting no or few loosening cases with the same HF prostheses [18, 25, 26, 39, 40, 43, 50] (Table 3 ). The present study extends these findings to a larger population with the same ethnicity than previous studies involving a small number of cases to address whether early femoral loosening of a HF design is really high. Remarkably, we also observed progressive femoral RLLs as evidence of aseptic loosening in early years, like previous studies [7, 17] . The femoral loosening was observed in only three of 698 cases (0.4%) in the present study. Such low incidence of femoral component loosening was also reported with conventional TKA in 0.35% with an average time to failure of 2 years [48] and in 0.9% (15 of 1600 knees) during 4 to 10 years followup [27] , and therefore femoral component loosening cannot be regarded as a specific mode of failure in HF prostheses.
We found no survival difference for aseptic failure between knees that had more than or less than 135°of postoperative flexion. Two previous reports [7, 17] suggest an increased rate of early femoral loosening after HF TKA may be associated with postoperative deep flexion ability. One laboratory study suggested a greater risk for HF femoral component loosening may be attributable to the absence of femoral load-sharing between the prosthetic component and the condylar bone during deep flexion [6] . However, our cohort of Korean patients had conflicting findings in that the patients who could achieve postoperative deep flexion did not have inferior cumulative survival than those who had postoperative flexion less than 135°. Other clinical trials conducted in an Asian population reported a better survivorship with none or just one aseptic failure despite the higher postoperative flexion of 135°to 140° [18, 20, 25, 26, 43, 45] than ours.
Despite designing HF prostheses to accommodate HF activity, concern about premature component loosening after HF TKA has grown among the orthopaedic surgeons since high premature failures were reported by two studies in Asian population [7, 17] . However, we observed a low incidence (0.9%) of early aseptic loosening in a larger cohort of the same ethnicity supporting many other clinical studies reporting rare incidence of aseptic failures in HF prostheses. Moreover, clinical outcomes were good with half of all cases able to achieve deep flexion of 135°or more, which did not worsen the survivorship for aseptic loosening. Our data suggest there is no necessity to have a negative view of the longevity of HF implants up to 5 years although we cannot comment on the long-term durability. * Active flexion; progressive radiolucency more than 2 mm is considered aseptic loosening; NA = not available.
